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Abstract 
We report the effects on pluripotent stem cells proliferation of an antimony salt in chemically amplified negative 
photoresists (e.g., SU-8, TMMR) commonly used in MEMS fabrications. Since antimony and its derivatives are 
suspected to be toxic for mammalian cells including mESCs (mouse embryonic stem cells) and hiPSCs (human 
induced pluripotent stem cells), but it has not yet been investigated. Irrespective of antimony in photoresists, mESCs 
and hiPSCs cultured on photoresists coated with Matrigel were able to form their colonies and maintain at an 
undifferentiated state for 7-day culture. The successful 7-day culture is suggested to be ability for investigations of 
stem cells culture in microfluidic systems. 
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Polymer MEMS (Microelectromechanical Systems) technology has recently offered a simple 3D 
(three-dimensional) fabrications for microfluidic devices. Especially, there is an on-going trend towards 
applying microfluidics to stem cell biology [1] since hiPSCs (human induced pluripotent stem cells) hold 
a great potential for applications in regenerative medicine, cell-based therapy and drug discovery. 
However, there still are some concerns of the current hiPSC culture setting consisted with mouse feeder 
cells, which may cause xenogenic contamination with hiPSCs. Thus, it is necessary to develop a new 
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culture platform for enabling hiPSC culture without feeder cells. To provide a general platform for 
fundamental and systematic investigations, the authors proposed the 3D photolithography technology [2] 
of a microfluidic device using chemically amplified negative photoresist (e.g., SU-8 [3] and TMMR [4], 
hereafter PRs) (Fig. 1). Although nano/micro-fabrications including surface hydrophilization of PRs by 
plasma and wet chemical processes [5] and the mechanical properties of PRs [6] toward a design of 
advanced microfluidic systems have been well discussed, effects of toxicity antimony salt in negative PRs 
on stem cells proliferation have not been investigated. Therefore, in this paper, we demonstrate the assays 
for cell proliferation and immunocytochemistry for detecting pluripotent markers to investigate the effects 
of an antimony salt on culturing mESCs (mouse embryonic stem cells) and hiPSCs. 
      
Fig. 1. (left-side) 3D fabrication of microchannel, and (right-side) Conceptual illustration of double-layered microchannel and its 
optical images of top-YLHZ+HUHWKHDXWKRUVRULJLQDO'SKRWROLWKRJUDSK\³0RYLQJ-PDVN89OLWKRJUDSK\´ZDVHPSOR\HG. 
2. Materials and methods 
PRs comprise of an epoxy type resin and common onium salts as initiator. It is widely known that the 
order of sensitivity for the optical cationic polymerization initiator depend on the anion type and are in the 
order of antimony, arsenic, phosphorus, and boron. However, it is also pointed that an antimony initiator 
has a safety concern on its toxicity. To investigate this problem on the cell proliferation and an 
undifferentiated status of pluripotent stem cells, two different types of PR (Tokyo Ohka Kogyo Co. Ltd., 
Japan) were used in this study. We investigated PRs with an antimony salt (TMMR S2000) and non-
antimony (TMMR N-S3000). 
Table 1. Experimental procedures for preparing PR substrates, culturing and observing mESCs. 
1 PR preparation  3 mESC culture on prepared substrates 
(1) 6SLQFRDWLQJ35VWKLFNQHVVȝPDQG3UH-bake 
process (100 °C for 10 min) 
(1) Prepare the Medium (DMEM + 15 % 
Knock Out Serum Replacement (KSR) + 
Leukemia Inhibitory Factor (LIF)) (2) UV exposure (UV dose: 200 mJ/cm2) 
(3) Post-exposure bake (PEB) (90 °C for 5 min) (2) Put 1×105 mESCs on substrates 
(4) Hard bake process (200 °C for 60 min) (3) Change medium everyday 
2 PRs surface treatments 4 Check cell proliferation and colony 
formation  (a) Non coated 
 (b) Gelatin (0.2 % in Phosphate-buffered saline (PBS)) 5 Stain Alkaline Phosphatase (AP) 
 (c) Matrigel (Mixture of extracellular matrix proteins; 
commonly used for mESC culture) 
(1) Confirm stemness of cultured mESCs 
 (d) Corona treatment (Making hydrophilic surface)   
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In the following, we describe the preparation for PR substrates and mESC culturing (Table 1). A wafer 
of a soda-lime glass was cleaned with pure water and heated to 200°C afterwards and kept at same 
temperature for 30 min to remove water from the surface. The fabrication process followed the 
PDQXIDFWXUHU¶V recommendations. For the experiments, the chips were grouped in four sets; non-coated, 
Gelatin, Matrigel, and Corona treatment. After surface treatment, mESC culture was conducted on 
prepared set of substrates, and finally cell proliferation and colony formation were observed. 
3. Results and Discussions 
Table 2 summarized mESC behavior on two PR substrates with various treatments. Significant 
difference of cellular behavior between TMMR S2000 and TMMR N-S3000 has not been observed. 
Matrigel-coated substrates were only able to maintain mESC proliferation. This observation indicated that, 
HYHQ WKRXJK P(6&V GLGQ¶W DGKHUH RQ WKH QRQ-coated TMMR S2000 and TMMR N-S3000 substrates 
directly, Matrigel coating provide mESCs better adhesion on the substrates. To confirm their stemness, 
AP (alkaline phosphatase) staining was conducted. The micrographs in Fig. 2 represented that mESCs 
cultured on both PRs substrate coated with Matrigel showed positive (red color) expression, i.e., they have 
capability to maintain stemness of mESCs. It should be noted that the corona treatment and gelatin 
coating, which are the typical approach for general cell lines, were not sufficient to support mESC 
adhesion. 
Table 2. Summary of mESC behavior on negative PR substrates IRUYDULRXVWUHDWPHQWV+HUH³1'´LQGLFDWHV³1RW'HWHFWHG´ 
PRs Substrate treatment Cell proliferation Colony formation Stem cell marker expression 
TMMR S2000 (a) Non coated N. D. N. D. N. D. 
(With  Antimony) (b) Gelatin + N. D. N. D. 
 (c) Matrigel +++ +++ +++ 
 (d) Colona + N. D. N. D. 
TMMR N-S3000 (a) Non coated N. D. N. D. N. D. 
(Non- Antimony) (b) Gelatin + N. D. N. D. 
 (c) Matrigel +++ +++ +++ 
 (d) Colona + N. D. N. D. 
 
 
Fig. 2. Alkaline phosphatase staining to confirm stemness of mESC cultured on TMMR S2000 and TMMR N-S3000 substrates 
FRDWHGZLWK0DWULJHO6FDOHEDUUHSUHVHQWVȝP 
 
The capability of PRs for culturing hiPSCs was also evaluated on TMMR S2000 and TMMR N-S3000 
substrates coated with Matrigel. The micrographs in Fig. 3 represented hiPSC colony cultured on both 
PRs substrate coated with Matrigel after 7 days as well as on a dish. Therefore we confirmed that hiPSCs 
were able to form their colonies on the substrate, which was one of indicators of their stemness. From 
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these results, we assessed the ability of PRs substrate for culturing mESCs and hiPSCs for 7 days, which 
was sufficient for maintaining them routinely, without mouse feeder cells. 
 
 
Fig. 3. Sequential micrographs of hiPSC culture on PRs substrates coated with Matrigel. 
4. Conclusions 
We have investigated the effects on stem cell proliferation of an antimony salt in negative PRs since 
antimony and its derivatives are suspected to be toxic for mESCs and hiPSCs. The successful stem cells 
proliferation for 7 days on PRs indicates; (1) negative PRs in MEMS has the ability for culturing stem 
cells without feeder cells, and (2) the observed little effects of antimony salt during 7-day culture, which 
is sufficient for maintaining them routinely, leads to further investigations on nano/micro-structured PR 
components. 
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